Trends on both serial number 1 and on time t are possible, but we only consider the time trends here, nor do we consider grouped data.
A fairly complete description of trend analysis for Polsson point processes is given in Cox and Lewis CO, Lewis [ll] , Lewis [10] and Brown [2] ,
In these works there is another minor difference which complicates matters; this is that observation may be for a fixed time interval (0,t 0 ] or for a fixed number n of events. Fixed time observation is more common in practice but the fixed number case is easier to simulate, so we consider both, depending on convenience. Except for messy details the results are essentially the same.
We will also consider only the case of a simple monotone trend in time for the process, extending the Polsson theory to the case of more general point
•Naval Postgraduate School, Monterey, California. This research was supported by the Office of Naval Research through grant NRC42-28'4. In subsequent sections simulation results for the null distribution of the statistic are given for other renewal processes. Then the modification of the test which is required for general point processes is discussed. It is the simplicity of the extension in this general case which makes the test statistic attractive when compared to other possibilities. The problem of the power of different tests for trend has not been considered.
Finally we note that the situation we are Interested in is that in which the point process is overdispersed with respect to the Polsson process. This will be defined to be the situation in which the Index of dispersion for counts
Is greater than one, its value for the Polsson process. For the most part this corresponds to the marginal distribution of times between events having a coefililent of variation
greater than 1. This is always true for renewal processes, and for cluster processes (see [12] and [8] Note however that the Intervals between events are very skewed with respect to the exponential distribution, the coefficients of variation given in column 5 being on the order of 3, compared tc 1 for an exponentially distributed varlate, and the coefficients of skewness Y, given in column 6 of Table 1 being greater than the value Y 1 "2 for the exponential distribution.
An even more striking failure for the test occurs in the second set of data explored in We will return to this data later on.
3. General remarks on the test statistic. Neither of the series considered above can be modelled as a renewal process since the estimated first serial correlation coefficients p, are large. In fact the first set has been modelled as a univariate semi-Markov process by Lewis and Shedler [14] and the earthquake data is well known to be some kind of cluster process (Lewis, [12] ;
Vere-Jones [18] ).
It is useful to consider renewal situations however, even if they occur rarely in practice, because of analytical possibilities. Cox [3] has extended the model (1) to modulated renewal processes by defining the intensity function \{t) as We therefore continue to examine modifications of the U statistic. For convenience, however, we consider the case of observation for a fixed number of events n. There are several reasons for this:
(i) The fixed number case is much simpler to simulate and statistical differences tetveen the two situations will be mircr, especially for large samples. Moreover for any renewal model with intensity function (3) this statiscic will be free of the nuisance parameter a for any 6, as can be easily shown. This is an important simplification. i^-ü ^ N(0.1).
(Ill) Convergence to the normal distribution Is likely to be very rapid because of the symmetry of the distribution of Y*.
To examine the small sample distribution of Y for the Gamma renewal case n an extensive simulation was undertaken. Detailed results are given In Robinson
The results are illustrated In Table 3 , which is extracted from
Robinson [16] .
The simulations involved 100,000 replications using the random number generator LLRANDOM (Learmonth and Lewis [9] ) and a Gamma random number generator developed Ly Robinson [16] . The computations were checked by comparing the theoretical results for the mean and variance of the statistics with the simulated mean and variance.
Only the case k»0.1 (C 2 (X)»10) is given in Table 3 The distribution can be seen to be a little more peaked than a normal distribution, with shorter tails, but even by n-50 a normal approximation to the m Table 3 . Simulation results for the statistic Y for Gamma distributed Intern _--. vals with k"0.10 under the null hypothesis of no trend (U"0). The proposal for testing a monotone trend In a Gamma renewal process derived from these results is to estimate the coefficient of variation from the data and test for ß«0 using n-l ''n {C(X)1 and assuming that its cistrlbutlon is that of a unit normal distribution. This To explore the small sample distribution of Y further for renewal processes -ing simulation we chose two other density functions for the intervals.
Quantiles of Y_ are normalized by subtracting E(Y T ) and dividing by
Tr.e first is the Welbull density function
ß>0, k>0, x*0 which reduces to the exponential for k*l. In the simulation the parameters wer 0 chosen so that the means and coefficients of variations of the intervals X were the same as for the Gamma cases.
The second density function chosen was the log-normal density, again with parameters chosen to match the means and coefficients of variations in the Gainraa cases. Note that bot v these densities ^re, for given coefficient of variation, more skewed than the Gainma density, the log-normal more so than the Welbull. In addition both have hazard functions which approach zero as x-"», in ccn;rast to the Gainma density which has an exponential tall. Only the 'orst case of the simulations for the Welbull and log-normal intervals, i.e., those matching the Gamma case with C 2 (X) ■ 10.0 are given, in Table 4 and 5 respectively. Again 100,000 replications were used.
The normalized quantlles show distributions for Y' at n « 10, 30, 50, 100
for both densities and, in addition,for n ■ 200 for the log-normal case. In n For a renewal process, f + (0+) ■ 1/ir, and (21) reduces to (16) . Polsson cluster processes [12, 18] have been used to model the earthquake data cf . ^
